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Cold carbon cluster negative ions are formed by supersonic expansion of a plasma created at the nozzle of
a supersonic cluster beam source by an excimer laser pulse. The observed distribution of mass peaks for
the Cn ions for n > 40 demonstrates that the evidence previously given for the special stability of neutral
C60 and the existence of spheroidal carbon shells cannot be an artifact of the ionization conditions.
 2013 Published by Elsevier B.V.1. Introduction
In previous papers [1–3] on the vaporization products of graph-
ite, we have presented evidence for formation of a remarkably sta-
ble C60 (buckminsterfullerene) molecule and proposed, as an
explanation for this stability, that it has the highly symmetric trun-
cated icosahedron structure. In this report, we describe the prepa-
ration of the jet-cooled negative ion of this and other carbon
clusters, and observations which further demonstrate the special
nature of C60 and the special stability of even (versus odd) carbon
clusters in the size range of 40–80 atoms.2. Experimental
The apparatus and technique for producing cold negative clus-
ter ions have been described in previous publications [4,5] from
this laboratory. In brief, carbon is vaporized from the surface of a
rotating graphite disk by the second harmonic of a Q-switched
Nd:YAG laser and entrained in a pulse of He carrier gas ﬂowing
down a 2 mm diameter tube. The 2 mm tube is expanded into a
4 mm tube 2 cm long with a lipped end (integrating cup) opening
into a large vacuum chamber. An excimer laser pulse (KrF 248 nm)
crosses the gas ﬂow at this point producing negative cluster ions.
The gas stream then completes its supersonic expansion producing
a molecular jet containing very cold negative (and positive) ions as
well as neutrals. The jet is skimmed into a molecular beam, and
after a free ﬂight of approximately 60 cm, the beam enters a deﬂec-
tion region where negative ions are stripped out by a voltage pulse
on a pair of deﬂection plates. The negative ions are then mass-ana-lyzed by ﬂight time so that the distribution of the cluster ions pro-
duced can be examined.3. Observations and results
Fig. 1a shows the negative cluster ion distribution near C60 as
observed by time-of-ﬂight mass spectrometry. Under these condi-
tions C60 is clearly the dominant mass peak in this region. The rel-
ative peak heights of the negative ion cluster distribution near C60
is essentially independent of laser ﬂuence over the range 0.01 to
1 mJ/cm2 3 and is also not dependent upon whether KrF (248 nm)
or ArF (193 nm) radiation is used.
The contrast ratio between the C60 peak and its near neighbors
in Fig. 1a is very similar to that observed (Fig. 1b) when the neutral
cluster beam produced under the same conditions (except for KrF
laser pulse) is ionized by a F2 laser pulse (157 nm) in the source
chamber of a time-of-ﬂight mass spectrometer located 1 m down-
stream. In contrast, as reported by Bloomﬁeld et al. [6], the low
mass intensity distribution of the negative ions is quite different
from the positive ion distribution observed with downstream
ionization.
Fig. 1c shows the positive ion spectrum reported previously [1]
for the same vaporization and ﬂow conditions using ArF (193 nm)
ionization in the time-of-ﬂight spectrometer source downstream.
C60 and its near neighbors in size are all two-photon ionized by
the ArF laser but appear to be one-photon ionized by the F2 laser.
We believe that the even greater contrast ratio of the C60 peak to
other nearby peaks in Fig. 1c versus 1a and 1b reﬂects great stabil-
ity of C60 and C
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Fig. 1. Distribution of negative and positive carbon cluster ions of cluster size
between 46 and 74 atoms. (a) depicts the distribution of negative cluster ions
formed when the cluster pulse is intercepted just in front of the 4 mm expansion
tube by KrF excimer laser (248 mn) radiation (ﬂuence 1 mJ/cm2). In (b) the
distribution of positive ions produced by F2 laser (157 nm) ionization in the source
of the time-of-ﬂight mass spectrometer 1 m downstream is shown. (c) shows the
positive ion distribution produced by ArF excimer laser (193 nm) photoionization in
the molecular beam at the same point downstream.
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present for clusters of size above 40.
Positive and negative cluster ions of carbon formed by laser
vaporization were observed previously by Bloomﬁeld et al. [6].
They observed that both even and odd Cn clusters are present for
n > 30 with the odd clusters having approximately two-thirds the
intensity of the even ones. Their observations on negative clusters
did not extend to n = 60. For the positive ions formed in this man-
ner, their observations show no difference in intensity between the
even and odd clusters larger than 30 atoms except for n above 56.
Cþ60 is the last ion clearly detected (their Fig. 2b), and does not ap-
pear to be special. We are in complete agreement with their obser-
vations on ions formed by laser vaporization. However for ionizationdownstream of the integrating cup, the even clusters, and C60 in par-
ticular, are always dominant regardless of whether positive or neg-
ative ions are probed.
4. Discussion
The differences between the ion distribution produced by laser
vaporization and that produced by downstream ionization can be
very simply explained by noting that different chemical processes
are taking place in the ﬂow tube in the two cases. The ion distribu-
tion in laser vaporization should be determined by electron recom-
bination and by charge exchange between clusters. We expect
these ion processes to vary only slowly with cluster size and to
be insensitive to the special nature of C60. On the other hand as dis-
cussed previously [3], we believe that the neutral cluster distribu-
tion is determined by the relative resistance of the various clusters
to chemical attack by small carbon species such as C2 and C3. The
resistance to chemical attack of even clusters with n > 40 and C60
in particular can be most readily explained by these clusters having
spheroidal carbon shell structures [3].
Thus C60 and other even neutral clusters of Similar size which
we detect appear to be survivors of the processes taking place be-
fore expansion with C60 being the most inert. The fact that the neg-
ative ion distribution produced by ionization in front of the ﬂight
tube is so similar to the positive ion distribution produced by laser
photoionization of the beam a meter downstream is convincing
evidence that the distributions shown in Fig. 1a and b reﬂect the
neutral cluster distribution and are not an artifact of the ionization
process. This neutral distribution, in turn, is strong evidence sup-
porting the spheroidal carbon shell model for even carbon clusters
in this size range in general and the truncated icosahedron (soccer
ball) model for C60 in particular.
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